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Multiehip technology - a methnd of inereacing the packing
density while simultaneously decreasing the assembly

expense

H. J. Hanke /209

A specifie characteristic of the development of
mieroel eetronies of the 70's is, aside from the
inereasing degree of integratiom, the development and
mass production of integrated elements for all classes
of electronic instruments, i.e.,, for digitel as well as

analogue instrument ideas,

With the completion of semi-conduetor bloek
technology, the possibilities for realization of highly
integrated elements were created, Today there are
technologies avai lable intermationally for bipolar
as well 25 for umipolar technology, With these
technologies we achieve , on the one hamd, larger gains
through simplifieation of the technnlogical pmeess -
as for example for the Trimask process, the siliecon
gate technique, the iom-implem tatiom MOS technicue, or
the SATC and Planox proecedures, Om the other hand we
ach;eve higher packing densities and switching velocities

oas
by means of new isolatim To08 2ckhe@@l-proeess |

the isoplamar processes, as well =28 the VeATE~proc-es

.
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and the VIP-process,

The necessity of realizimg higher degrees of
integration is based primarily on the necessity of
redueing the assembly and sealing costs in eyele II
of element produection, in addition to the demand for
inereasing the switeching veloecities by reducing the
signal pro pagation times (shortening the connecting
circuit). An analysis of the costs for the producer
of integrated elements shows that about 60% of the total
pmiuction costs for em element rest on the assembly
procecses of eyele II, i.e,, chip assembly and
connection eontacting as well as capping. In an
analagous manner, for the imnstrument producer the costs
for the logieal connection of the elements for complex
funetion units @ominate, due to the necessary wiring.
Thus for the eemtral umit of the eomputer R 40 about
659 of the costs are material costs for multi-layer-
plates and plug eonnectors; the ey costs are

less than 5% of the total costs.

The purely momolithie soludion for inereasing the
degree of integration of the elements,thrmugh inecreasing
the degree of integration of the chip while simultaneouvsly
chamging from chips of the switehing ciréa; nethod to o ips

of the fumetion method, haes techmologieal limits,

FTD-ID(RS)I-1189-76
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These limits are set by the following: due to the mamrifold
of the necessary cross connections, a meny-planar

wiring is necessary on the chip} 2nd due to the

decreasing yield (Jdue to the larger pm bability of

the appearance of nmoise sources in the silicium substateb
for larger chip surfaces,practical limits are set upon

the degree of integration achievable,

A meaningful second possibility with the given
technological assumptions is the multichip technigue.
characterized
This techmique is J\ by assembling several chips on
one substmte. which ecomtains the necessary connections
ag vaporized or printed guide paths, In its essence
it is less an element technology than more a /210
practical o nnyection technology af uncapped
(‘rckg+5,

semi~conductor bloek switching 3 It reprecsemts

a new quality in packing technology.

A typical central unit of the computer generation
that is currently being produeced contains about 18000
integrated monqlithia elements with chips of the
switeching circ;:-method. Their grating connectione are
led out and only connected functionally in the next
higher connection plane, Im addition to these integrated

elements there are anm addition=1l 4200 (approximately)

discrete elements, expecially sieve condensors, Thus

PO I
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there are a total of about 250,000 element contacte

to be connected, to be connected especially via
many-lay er-plates, The portion of the element amtacte
in the total mumber of necessary connecting elemente,
however, amounts to omly about 33%. I.e., for this
type of integration 2/3 of the whring must be
carried by plug cemnectors, baek-wiring, and apparatus
capping. By placing several chips and their direct
funetion wiring in a2 multichip element, the number of
necessary element contactes 2nd plug e nnector econtacts
in the instrument decreases. Simultaneously a
signifieant savings in primted cireu?gxgarfacexbecomes

possible,

According to investigations of Thom== (1) on

typicael plug units of the central umit of the processing
compgtor R 4000, the advantages shown in Fig., 1 arirce
for varying multichip element variations. The
elimination of outer electric sauxilisry elements suech
as building bloeck eantacting, cgrcuiﬁs and plug conectors,
as well 25 their replacement byfﬁéﬁgiding block

connecting elements produced in the eollective procecs
of switching , guaranties a signifieant increase of the
functional sececurity of the instrumeats and plants, The

gain in reliability im the firet variation is primarily

based on the reduction of the total element connection
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Multichip elements with

2...3 Chips 4...6 Chips 7...10 Chips

Reducing the total number of contacts sots s 0ts% 6t 1%
of the elements by

Reducing the total printed circuit ot i 50 * 108 60t 10%
board area by

Possible combining of plug units for 2 3 4
constant printed circuit board area :

Reducing the total number of plug 15 % 10% : 25 ¥ 10% 35 * 104
connections by

Improving the failure rate by 9% J 14 % 16 %

Figure 1. Reducing the assembly expenditure when transferring

from monolithic elements to multichip elements, via the example

of Thomas (1) of logie plug units of the processing computer

R 4000.
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numberg, and for the third variznt is based mairly on
the decrez~e of the total plug connectiig'number. Here,
however, the necessary contact number per plug unit
inereases, and for the first variant already makes
necessary a 135 pole plug emrnnector, For higher degreeas
of integration we must them have plug connectors of

the conventinnal type of connecting numbers connected

in pairs)or many at a time)to the plug unit.

In the multichip techiniocue one may however not
overlook that with inereasing ehip number per element,
the repeatability t:;gg to zer¥o snd is eessentially
restricted to the appropriate plug unit. This
funetion-specifiec arrangement has significant /211
repercuesions on the testing, repairing, and
maintanance of replacemént elements, 2nd it needs
a detailed economie discussion, The cost effectivemens
of the use of multichip-elements was proved by Franck(2).
From Fig. 2 we wee thot upon transferring to multi-
chip elements with 8 standard chips of the wwitching
circis method with 3 integrated grids each, a cost
reduction of about 10% im plug units and of about 20%
in panels, compared with monolithie elements, is
obtainable, Thie ies in spite of am inerease of the
cost of the elemente of about 15%, For these cost

commente it wee assumed thet the chipes are connected
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via a two-plane struecture with a basis of ceramie,
wire-contacted to a hermitiecally capped element, From
these calculations one may derive that =m economie it

examination of the use of miltichip elements remains

incomplete if it only takes into account one element.
This is because cost =avings only are effective in higher
connection niveaus beecause of a decrezse of the expense
for the wiring. A maximal cost reduction on panelm
is obtainable when the back wiring -multilayer conducting
plate can be dispensed with completely due to the use
of corresponding highly integrated multichip elements,
For an appropriate constructive form of wmultichip

we must consider

elements, sthe problems of assembly of sueh elements

boards
on printed eircuit g, 2s well as their compatibility

with respect to acsembly technology %?#5 gggﬁ%s that
are already preseént. With respeet to the possibility
of line-up on printed cireuit boards , there is an
upper limit for the emnection number of plul elenents
of 50, According to investigations by Gurth(3), in =such
an elements one may accomadate a maximum of 25 chips.
For the construction of multichip elements in a DIP
casing, a ome-row chip emfiguration is best fitted to
the geometry of the casing. For a circuit grating on
the wiring carrier larger tham 0.2 mm, 12 to 16 chips

may be set up. The number of element contacts ie them

.- e - : . ' . i b i i
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in the range of from 40 to 50. Because of the

non-~optimum placing of the wires on the long side,

for larger chip numbers a manysrow chip configuration

shoudd be chosen, For a reliability-oriented discussion

of the idea of an instrument it is however not to be

recommended to work with such high degrees of integration.

Investigations heve shown (1) that the optimel chip

number should be about 5, Then for a eircuit grating

larger than 0.2 mm, on the wiring cgggi:ge$g':le$:3{g consider
a DIP easing with a one-row c¢hip eonfiguration,

with 16 to 22 conmnectioms, 2nd with a row grating

of 12,5 mm, With these values the necessary

indications for technological development work are

sufficiently well determined,
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grating,
Fig. 2 Development of costs per }\from chipm up

to the panel level for different multiehip

element variations, according to Franeck (2)

1B - Element; 2-- Cost units; 3- Element;

f~ Plug unit; 5= Panel.
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